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Aim Invasiveness of an introduced species in one region is often used to pre-
dict risk and inform management of the same species elsewhere. This assumes
that entities in both regions are equivalent in their ecology and response to
management. However, intraspecific genetic variation can result in differences
in performance between regions. We conducted population genetic and phylo-
geographic analyses of the widely introduced and intraspecifically diverse Aus-
tralian tree species Acacia saligna, in order to improve our understanding of its
worldwide invasion history.
Location The native range of A. saligna in Western Australia and introduced
ranges in eastern Australia, Israel, Italy, New Zealand, Portugal, South Africa,
Spain and the USA.
Methods We analysed microsatellite genotype data obtained from 447 indivi-
duals of A. saligna (including reference populations of known subspecies
lineages) using Bayesian assignment analysis. We also reconstructed parsimony
networks and a phylogeny using data from the nuclear external transcribed
spacer (ETS) gene region for a subset of 120 individuals.
Results There was no consistent genetic pattern in introduced populations in
different parts of the world. All three subspecies lineages of A. saligna have
been moved around the world, showing high levels of admixture in some
introduced populations. A previously identified novel and cultivated South
African lineage was also identified in Portugal and Italy.
Main conclusions With different subspecies lineages present in different
regions globally, it is unclear exactly how effective management approaches of
invasions in one region will be in other regions. For example, the successful
biological control agents against cultivated lineages of A. saligna in South
Africa will probably be effective against similar genotypes in Portugal but not
against dissimilar lineages present elsewhere. Further work is needed to conclu-
sively link the relative extent of invasions to genetic differences, and to deter-
mine whether genetic novelty can explain the widespread invasions of A.
saligna observed in South Africa and Portugal.
Keywords
Acacia saligna, biological control, biological invasions, genetic diversity, inva-
sive species, novel genotypes, subspecies lineage, tree invasions.
INTRODUCTION
Determining the patterns and processes that lead to success-
ful plant invasions may help inform management efforts
(Byers et al., 2002). Such information for an invasive species
in one region may also aid management of the species else-
where (Wilson et al., 2011). One such feature that has often
been linked to the invasive success of introduced species is
the genetic characteristics of introduced populations (Sakai
et al., 2001; Lee, 2002; Le Roux & Wieczorek, 2009). The
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amount and distribution of genetic diversity in invasive pop-
ulations is shaped by stochastic processes (such as founder
events and strong drift) and human-mediated processes
(such as cultivation and artificial selection), that occur prior,
during and after introduction (e.g. Le Roux et al., 2013).
Invasion success has been linked to multiple introductions,
the formation of novel genotypes and high gene diversity in
introduced populations (e.g. Lavergne & Molofsky, 2007;
Pairon et al., 2010). Invasion success has, however, also been
linked to limited introductions and low gene diversity
(Kinziger et al., 2011; Rollins et al., 2013). Overall, general-
izations about particular genetic features of successful
invasive species remain elusive (Le Roux & Wieczorek,
2009).
Introduction pathways created by enterprises such as agro-
forestry, biofuel production, commercial forestry and orna-
mental horticulture are important drivers of invasions in
many parts of the world (Richardson & Rejmanek, 2011)
and may greatly affect the genetic diversity and the structure
of introduced populations. Such pathways often facilitate
establishment and survival, promote further large-scale intro-
ductions and dispersal, and often involve the selection of
traits favouring invasiveness. These traits may include high
reproductive output, resistance to harsh environmental con-
ditions and rapid growth rates (Richardson, 1998; Ross,
2009; Wilson et al., 2009; Richardson & Blanchard, 2011).
Australian acacias (Acacia subgenus Phyllodineae) have been
planted in many parts of the world over the past two centu-
ries for forestry, agriculture and dune stabilization (Griffin
et al., 2011). Some of these acacias have been subject to
selective breeding programmes (Richardson et al., 2011) and,
unsurprisingly, many are now widespread invaders (see Rich-
ardson & Rejmanek, 2011; Richardson et al., 2011). Of the
25 most exported Australian acacias, the medium-sized tree,
A. saligna, is the most widely planted non-timber species
(Griffin et al., 2011). It covers an estimated 600,000 hectares
worldwide and has been widely cultivated within and outside
its native range in Australia (Maslin & McDonald, 2004;
Griffin et al., 2011). It is invasive in parts of Australia, Alge-
ria, Chile, Cyprus, Israel, Italy, Kenya, Morocco, Portugal,
South Africa and Spain (see Appendix S1: Fig. S1 in Sup-
porting Information; Maslin & McDonald, 2004; Richardson
& Rejmanek, 2011; Wilson et al., 2011), but it is unclear why
A. saligna is not invasive (i.e. established and spreading) in
all regions to which it has been introduced (Wilson et al.,
2011).
Given the effects of introduction pathways on genetic sig-
natures in the introduced range (Lee, 2002; Le Roux et al.,
2011), when attempting to reconstruct invasion histories, it
is important to consider the number and timing of species
introductions in conjunction with the genetic characteristics
of native and introduced populations (Le Roux et al., 2011).
The introduction history of A. saligna has been well docu-
mented in some cases (e.g. South Africa; Poynton, 2009) but
less so in others (e.g. Portugal, E. Marchante, Centre for
Functional Ecology, University of Coimbra, pers. comm.).
Acacia saligna was exported from Australia on a few occa-
sions in the 1800s, but widespread dissemination only
occurred with the formation of the Australian Tree Seed
Centre in 1962 (Griffin et al., 2011). The earliest recorded
exports were to South Africa in 1833 (Poynton, 2009), Por-
tugal in 1869 (Antonio Gouveia, Centre for Functional Ecol-
ogy, University of Coimbra, pers. comm.), Libya and
Ethiopia in 1870 (Griffin et al., 2011), and Israel in approxi-
mately 1920 (Kull et al., 2011). The species has also been
introduced to Egypt, France, Iran (Derbel et al., 2009),
Kenya (Droppelman et al., 2000), New Zealand (GBIF,
http://www.gbif.org/; ILDIS, 2011), Tunisia (Degen et al.,
1995) and the USA (ILDIS, 2011), but dates of introduction
to these countries are unknown. Acacia saligna has become
naturalized outside of its native range within temperate Aus-
tralia (South Australia, Victoria, Tasmania, New South Wales
and south-east Queensland), where it was widely planted to
control dry-land salinity and to provide a source of woody
biomass (Maslin & McDonald, 2004).
The existence of intraspecific variation within the native
range of A. saligna has long been recognized. Four informal
subspecies were recently and tentatively reclassified into
three major subspecies lineages: A. saligna subspecies lineage
‘lindleyi’, A. saligna subspecies lineage ‘pruinescens + saligna’
and A. saligna subspecies lineage ‘stolonifera’ (Millar et al.,
2011; Maslin et al., 2011). The complex taxonomy of A.
saligna remains problematic and is currently under review
(Bruce Maslin, Western Australian Herbarium, pers.
comm.). Previous work showed that subspecies occupy bio-
climatically distinct niches in Western Australia (Thompson
et al., 2011), and that invasive populations in South Africa
are genetically more distinct from populations in the native
range than would be expected as a result of purely stochas-
tic processes, admixture or multiple introductions. Indeed,
the level of genetic distinctness of South African A. saligna
populations exceeds that previously identified between aca-
cia subspecies and, in some instances, even species (Thomp-
son et al., 2012; Le Roux et al., 2014). Thompson et al.
(2012) argued that the novel South African genetic lineage
may have arisen through introgressive hybridization during
cultivation, prior to introduction to South Africa because
South African populations most closely resembled cultivated
populations from Australia. While it has not been directly
tested, this novel genetic lineage may be competitively supe-
rior over its native counterparts, which may contribute to
the widespread invasive success of the species in bioclimati-
cally novel regions in South Africa (Thompson et al., 2011,
2012).
Many introduced acacias were sourced from central seed
stores and forestry stations directly in Australia or secondar-
ily from other countries (e.g. France; Poynton, 2009) before
being distributed globally (Griffin et al., 2011; Kull et al.,
2011). It is therefore conceivable that genotypes similar to
cultivated ones found in South Africa may have been intro-
duced to other localities. However, analyses of a limited
number of European and non-native Australian individuals
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showed that South African genotypes remain genetically
unique (Thompson et al., 2012).
Our study expands on the population genetic and phy-
logeographic study of Thompson et al. (2012). Specifically,
by including invasive populations from eastern Australia,
Israel, Italy, New Zealand, Portugal, Spain and the USA,
we aimed to determine the subspecies lineage identity and
spatial patterns of genetic diversity of invasive populations
of A. saligna worldwide. Through an assessment of the
global genetic make-up of A. saligna we aimed to: (1)
determine whether all invasive populations originated from
particular genotypes or subspecies lineages; (2) determine
whether extremely divergent and novel cultivated genotypes
previously identified in South Africa (Thompson et al.,
2012) have been introduced elsewhere; and (3) improve
our understanding of the history of introduction and
invasion of the species worldwide. We also consider the
implications of our findings for the management of
invasive populations of the species in different parts of the
world.
MATERIALS AND METHODS
Field collections and DNA extraction
In addition to the genotype data from Thompson et al.
(2012), we included new molecular data from collections
elsewhere in the world. Data for Western Australia from
Thompson et al. (2012) overlap with the known distribu-
tions of the subspecies lineages of A. saligna (based on
known occurrence records from Australia’s Virtual Herbar-
ium: http://avh.chah.org.au/, accessed 1 October 2010; see
Fig. 1 & Appendix S1: Fig. S2), and included populations
used by Millar et al. (2011) to delimit the three subspecies
lineages within A. saligna (Fig. 1). Western Australian collec-
tions also included one cultivated and two natural popula-
tions lacking expert identification to subspecies lineage level.
For new material, mature phyllodes were collected from 94
individuals representing seven invasive populations from
eastern Australia, Israel, Italy, New Zealand, Portugal, Spain
and the USA (Table 1, Fig. S1). Material was dried and
Figure 1 Bayesian assignments of global populations to reference populations of Acacia saligna. Reference populations corresponding to
subspecies (Millar et al., 2011) and cultivated (Thompson et al., 2012) lineages of A. saligna (POPFLAG = 1) are indicated by asterisks.
Locality data for all native range collections included in this study are overlaid on a map indicating the known distributions of A.
saligna subspecies (based on records from Australia’s Virtual Herbarium: http://avh.chah.org.au/, accessed 1 October 2010). The genetic
affinity of global populations (POPFLAG = 0) to the four genetic clusters is represented as bar plots, where each bar is an individual.
Bars are divided into four-coloured segments representing the proportional membership of each individual’s genome (qi) to a particular
reference population.
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stored on silica gel until DNA extraction. Genomic DNA was
extracted using a modified cetyltrimethylammonium bro-
mide (CTAB) method (Doyle & Doyle, 1990) with the addi-
tion of 0.2 M sodium sulphite to the extraction and wash
buffers (Byrne et al., 2001). DNA quality and quantity was
measured using a Nanodrop spectrophotometer (Infinite 200
PRO NanoQuant, Tecan Group Ltd, M€annedorf, Switzer-
land) and all DNA samples diluted to a final concentration
of c. 30 ng/lL.
Microsatellite genotyping and data analysis
Ten nuclear microsatellite loci previously developed and
characterized for A. saligna (Millar & Byrne, 2007) were
PCR-amplified following the methods described in Thomp-
son et al. (2012). In order to get clarity on the genetic iden-
tity of globally invasive populations we created a dataset of
reference populations of the three A. saligna subspecies lin-
eages (Fig. 1), the unique cultivated lineage of A. saligna
from South Africa (Thompson et al., 2012), and invasive
populations collected from various regions globally
(Table 1).
To assign individuals to the three subspecies lineages iden-
tified in Millar et al. (2011) and the cultivated lineage identi-
fied by Thompson et al. (2012), we used a Bayesian
clustering approach implemented in structure 2.3.2 (Falush
et al., 2007). Specifically, we flagged individuals from these
four reference lineages (collected from multiple populations;
Fig. 1) as pure ‘ancestral’ or reference populations (POP-
FLAG = 1). Reference populations consisted of individuals
with high assignment values (q > 0.9) to its particular
genetic lineage. We then treated all other global collections
as having unknown ancestry (POPFLAG = 0; Pritchard et al.,
2000) and ran a model for 1,000,000 generations of which
100,000 were discarded as burn-in, with K (the number of
genetic clusters) set between two and eight, using the ‘update
allele frequencies using only individuals with POPFLAG = 1
data’ option. To assess gene diversity within individual pop-
ulations, the mean of the following parameters was com-
puted for all loci in genalex 6.5 (Peakall & Smouse, 2012):
number of alleles (NA), observed and expected heterozygosity
(HO and HE), the fixation index (FIS), percentage of poly-
morphic loci (%PL), and the mean number of private alleles
per population (PA).
Table 1 Locality information and population identification for native and invasive populations of Acacia saligna.
Diversity indicesmicrosat
Country NETS Nmicrosat NA HO HE FIS PA %PL
Native reference populations
Subsp. lineage ‘lindeyi’ Australia 14 56 7.9 0.45 0.64 0.24 1.2 1.0
Subsp. lineage ‘pruinescens + saligna’ Australia 9 53 7.1 0.39 0.55 0.24 1.4 1.0
Subsp. lineage ‘stolonifera’ Australia 6 35 4.1 0.33 0.47 0.26 0.1 1.0
Average 6.37 0.39 0.55 0.25 0.90 1.0
Cultivated and wild-collected populations
Busselton (BUS)* Australia 7 21 3.3 0.30 0.35 0.22 0.1 0.8
Preston (PRE) Australia 2 14 3.7 0.35 0.43 0.26 0.6 0.9
Tuart Forest (TUA) Australia 1 11 2.1 0.20 0.31 0.35 0.0 0.7
Average 3.03 0.28 0.36 0.28 0.23 0.8
Introduced populations
Eastern Australia Australia 5 – – – – – – –
South Africa cultivated lineage South Africa 11 75 8.8 0.38 0.61 0.35 0.8 1.0
Cintsa (CIN) South Africa 3 31 4.00 0.31 0.40 0.19 0.40 1.0
Ebenheazer (EBE) South Africa 3 24 3.4 0.30 0.41 0.24 0.2 0.8
Jeffery’s Bay (Jbay) South Africa 9 33 5.9 0.36 0.55 0.32 1.2 1.0
Sines (SIN) Portugal 6 19 4.5 0.38 0.55 0.27 0.1 0.9
Dunas Mira (DMI) Portugal 4 14 3.6 0.34 0.48 0.28 0.0 0.9
Costa Caparica (CCA) Portugal 3 5 2.0 0.30 0.23 –0.28 0.0 0.5
Carrapateira (CAR) Portugal 3 19 4.6 0.42 0.48 0.08 0.0 0.9
Nitzanim Nat. Reserve Israel 13 18 5.4 0.36 0.64 0.43 0.5 1.0
Sorgono Italy 3 8 3.4 0.39 0.53 0.23 0.2 1.0
Wanganui New Zealand 1 – – – – – – –
East Chandler Heights USA 2 11 4.7 0.47 0.64 0.29 0.0 1.0
Malaga city Spain 10 – – – – – – –
Average 4.57 0.36 0.50 0.22 0.31 0.91
Note: All individuals sequenced for the ETS gene region (NETS) were selected from microsatellite samples, unless no samples were genotyped
(denoted by ‘–’).
NETS, number of external transcribed spacer sequences; Nmicrosat, number of microsatellite genotypes; NA, number of alleles; Ho, observed hetero-
zygosity; HE, expected heterozygosity; FIS, fixation index; PA, number of private alleles; % PL, percentage of polymorphic loci.
*Cultivated population.
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Sequencing and data analysis
The nuclear (nDNA) external transcribed spacer (ETS) was
amplified for a subset of collected individuals using the methods
described in Thompson et al. (2012). The final dataset com-
prised 46 sequences generated previously (Le Roux et al., 2011;
Thompson et al., 2012) and 74 additional sequences generated
for this study. All sequenced individuals were selected from
genotyped populations, unless otherwise indicated in Table 1.
Sequence data were aligned and edited using bioedit
7.0.5.3 (Hall, 1999) followed by manual editing. We recon-
structed networks using statistical parsimony as implemented
in tcs 1.21 (Clement et al., 2000), and a 95% connection
limit to examine relationships among the sampled individu-
als. All indels were treated as missing data. We chose net-
works in addition to phylogenetic tree building approaches
to visualize and explore the data as networks are better sui-
ted to exploring relationships between genes sampled within
a species as these relationships are not hierarchical, as is
assumed by traditional phylogenetic tree reconstruction
methods (Posada & Crandall, 2001). We also reconstructed a
phylogeny based on maximum likelihood search criteria in
mega 5.2 (Tamura et al., 2011). Akaike information criterion
scores from jModelTest 2.1.4 identified the best-fit model
as the GTR+I+G (Akaike, 1973; Posada, 2008). Sequence data
for A. rostillifera and A. cupularis, sister taxa to A. saligna
(Miller et al., 2011, 2013), were obtained from GenBank and
used as outgroup taxa. Nodal support for the retrieved
topology was calculated using nonparametric bootstrapping.
The distribution of nuclear genetic diversity (allelic content
and frequency of haplotypes; sensu Excoffier et al., 1992)
between the native and introduced range was assessed in Ar-
lequin 3.5 (Excoffier & Lischer, 2010) by conducting a hier-
archical analysis of molecular variance (AMOVA; Excoffier &
Lischer, 2010) between ranges using 10,000 permutations. The
native range populations included various reference popula-
tions for subspecies lineage ‘lindleyi’, subspecies lineage ‘pru-
inescens + saligna’, subspecies lineage ‘stolonifera’, one
cultivated and two wild-collected populations with unknown
subspecies identity (Table 1). The remaining populations
detailed in Table 1 were lumped to form the introduced range.
RESULTS
Microsatellite analysis
Bayesian assignment tests of global accessions of A. saligna
revealed that all three major subspecies lineages of A. saligna
have been moved outside Australia (Fig. 1). Surprisingly, the
genetically unique lineage corresponding to cultivated stands
of A. saligna from Western Australia (Busselton), previously
only identified in South Africa (Thompson et al., 2012), was
also present in populations from Portugal and as admixed
(with recognized subspecies lineages) individuals in Portugal,
Israel and Italy (Fig. 1). Relatively ‘pure’ individuals corre-
sponding to A. saligna subspecies lineage ‘lindleyi’ were iden-
tified in Portugal (population SIN) and the USA, while those
resembling subspecies lineage ‘stolonifera’ were identified in
Portugal (population SIN and DMI; Fig. 1). As previously
reported (Thompson et al., 2012), South African populations
mostly corresponded to the cultivated lineage that originated
from Western Australia (Busselton; Table 1). Results obtained
when constraining the Bayesian model at K = 4 (Fig. 1) were
similar to those obtained for a range of K values, with higher
K values revealing additional subgenetic structure within
some reference populations (Appendix S1: Fig. S3).
Native reference populations had the highest levels of
mean observed heterozygosity (HO), highest number of
alleles (NA) and private alleles per population (PA) (Table 1).
Native, wild-collected populations showed the highest levels
of inbreeding (FIS). All populations, except that from Costa
Caparica (population CCA) in Portugal, had greater than
70% polymorphic loci (% PL, Table 1).
DNA sequence variation and diversity
The aligned ETS DNA sequence matrix contained 441 base
pairs (bp) and required 20 gaps (indels), ranging from 1 to
72 bp in size. All DNA sequences generated in this study
have been deposited in GenBank (accession numbers
KJ782053–KJ782179; http://www.ncbi.nlm.nih.gov/). AM-
OVA based on ETS sequence data showed that the majority
of genetic diversity was partitioned within populations, and
the least genetic diversity was partitioned among the native
and introduced range (Appendix S1: Table S1).
The statistical parsimony analysis identified two discon-
nected network groups consisting of 63 distinct sequences
across all native and introduced populations (n = 120; Fig. 2).
With the exception of New Zealand, all countries (including
those not genotyped for microsatellites because of low sample
numbers) possessed at least one unique sequence. Similarly,
the phylogenetic tree identified two separate clades (Fig. 3).
Clade 1 corresponded to the known subspecies lineages of A.
saligna. Clade 2 was the only well-supported cluster [99%
bootstrap (BS)] and corresponded to the cultivated lineage pre-
viously identified in South Africa and cultivated populations
from Western Australia (Fig. 3). While clades corresponding to
the three different subspecies lineages of A. saligna were
retrieved, these all had overall low BS support (< 50%; Fig. 3).
Subspecies identity of introduced populations
The bulk of South African individuals clustered with the cul-
tivated genetic lineage (q > 0.9) in the Bayesian assignment
analysis (Fig. 1, yellow cluster) and in the parsimony net-
work and phylogeny (Figs 2b & Clade 2 on 3). This culti-
vated genetic lineage was present in almost all globally
introduced populations as admixed genotypes (Fig. 1), and
shared DNA sequences with populations from Italy, Portugal,
eastern Australia, wild-collected populations from Western
Australia and a cultivated greenhouse specimen (GenBank
accession FJ868448; Fig. 2b).
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Acacia saligna subspecies lineage ‘stolonifera’ shared
sequences with Portugal, Israel, Spain and wild-collected
populations from Western Australia, while A. saligna subspe-
cies lineage ‘pruinescens + saligna’ shared sequences with
Italy, Portugal and South Africa, and A. saligna subspecies
lineage ‘lindleyi’ shared sequences with Portugal, USA and
wild-collected populations from Western Australia (Fig. 2a).
The patterns observed in the statistical parsimony networks
(Fig. 2) were mirrored in the phylogenetic tree (Fig. 3).
DISCUSSION
The impressive extent of dissemination, cultivation and
known high native genetic structure of A. saligna has gener-
ated interesting and, in some instances surprising, genetic
signatures across the current global distribution of the taxon.
Our assessments of the genetic diversity patterns within and
among native and invasive populations of A. saligna suggest
two main conclusions.
First, populations of A. saligna around the world comprise
a variety of different genetic entities (subspecies lineages).
Some individuals are admixed but no single genetic entity is
present in all introduced populations or countries. This
implies either that A. saligna populations were sampled from
across the native range prior to their global dissemination,
i.e. highly diverse propagule pools and potentially, multiple
introductions from different sources of A. saligna, or that
there were single introduction events from natural Australian
populations which have a high degree of admixture (Fig. 1),
although the latter is less likely given the overall high genetic
diversity found in introduced populations.
Second, the unique invasive South African lineage (which
is genetically distant from the native subspecies lineages),
that is present in cultivated populations in Western Austra-
lia, was also identified from naturalized populations in east-
ern Australia and some introduced populations in Portugal.
This unique lineage also appears as admixed individuals with
known subspecies lineages in Israel and Italy (Fig. 1).
In some instances, relatively ‘pure’ subspecies lineages
appear to have been introduced to global regions (e.g. A. sal-
igna subspecies lineage ‘stolonifera’ in Portugal), whereas
other regions (e.g. Italy) appear to have been sourced from
populations in Western Australia representing multiple
subspecies lineages (Figs 1 & 2). On the basis of shared ETS
sequences and microsatellite assignment tests, we conclude
that the subspecies lineages are represented in the respective
introduced ranges as follows: A. saligna subspecies line-
age ‘lindleyi’ in eastern Australia, Portugal and the USA;
FJ868448









Reference - Acacia saligna subspecies lineage ‘stolonifera’
Reference - lineage pruinescens + Acacia saligna subspecies ‘




South Africa - cultivated lineage (Thompson et al. 2012)
saligna’
Figure 2 Maximum parsimony phylogenetic network representing the relationships among external transcribed spacer (ETS) sequences
for 120 individuals of Acacia saligna. Relationships between sequences were assessed using tcs and a 95% connection limit. The two
networks retrieved represent (a) native reference populations of the three subspecies lineages of A. saligna (Millar et al., 2011) and (b)
the cultivated lineage (Thompson et al., 2012). Unknown native populations are those collected in Western Australia but not identified
on the basis of morphology. Globally introduced populations are represented by shading, stripes or hatching. ETS sequence FJ868448
represents a cultivated specimen housed in a greenhouse in eastern Australia.
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Figure 3 Maximum likelihood tree [based on external transcribed spacer (ETS) nDNA] for reference populations of A. saligna, wild-
collected Western Australian populations without subspecies lineage identities (indicated by asterisks) and globally introduced
populations (countries of origin indicated). Clades containing representative reference populations are colour-coded: green, A. saligna
subspecies lineage ‘pruinescens + saligna’; blue, A. saligna subspecies lineages ‘stolonifera’; violet, A. saligna subspecies lineage ‘lindleyi’;
yellow, cultivated lineage of A. saligna (Thompson et al., 2012). Only bootstrap support values > 50% are indicated at nodes. Scale bar:
number of substitutions per site.
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subspecies lineage ‘saligna + pruinescens’ in Italy, Portugal
and South Africa; and subspecies lineage ‘stolonifera’ in wild
populations in Western Australia and introduced populations
in Portugal, Israel and Spain.
The large number of unique genotypes in Israel and a lack
of shared sequences between Israel and any other region
sampled (Figs 2a & 3) suggests that either the source of
Israeli populations has not been sampled in Australia, or that
the genotypes arose post-introduction to Israel. Although A.
saligna has been present in Israel since the early 19th century
(Dufour-Dror, 2012; Kull et al., 2011), this allows for only
an absolute maximum of 46 generations since its introduc-
tion (assuming sexual maturity at two years; Gibson et al.,
2011). It is therefore unlikely that post-introduction evolu-
tion would have given rise to the large number of unique
genotypes identified in the region (see Fitzpatrick et al.,
2012). Consequently, despite our widespread sampling across
the native range of A. saligna (Millar et al., 2011; Thompson
et al., 2012; Fig. 1), it is possible that more unsampled, sub-
specific genetic variation exists in Western Australia.
The introduction histories of many invasive species are
poorly documented (Jeschke & Strayer, 2005). Clearly, A. sal-
igna introductions represent a mixed case of detailed (e.g.
South Africa; Poynton, 2009) and virtually unrecorded (e.g.
Cyprus) introductions. The limited global records that are
available for A. saligna indicate that: (1) introductions to
Portugal and South Africa occurred within the same period;
and (2) South African introductions were sourced from Wes-
tern Australia, as well as from Europe (Poynton, 2009). High
levels of genetic assignment to the novel genetic lineage iden-
tified by Thompson et al. (2012), were only for individuals
from Portugal and cultivated populations in Western Austra-
lia. These relationships were also supported by the ETS net-
work and phylogenetic tree (Figs 2b & 3) and point to the
transfer of the same genetic lineage between these regions.
Despite the lack of strong support for the presence of the
cultivated lineage in the populations we sampled in Israel,
Spain and New Zealand (Figs 2 & 3), these regions possessed
several divergent genotypes. This suggests that invasiveness in
A. saligna may be associated with high genetic diversity as cre-
ated by wide native range sampling and high propagule pres-
sure. However, wider sampling across the species’ introduced
range, coupled with a better understanding of the history of
utilization of the species, is needed to make further deductions
on the relative contribution of various natural and human-
mediated processes that have led to the observed genetic pat-
terns.
Implications for management
The presence of different subspecies lineages and/or different
genotypes of A. saligna in the regions sampled have several
implications for management. Ideally, management recom-
mendations developed in one region should be extrapolated
to other regions (Wilson et al., 2011). However, the different
biological and ecological attributes associated with each A.
saligna subspecies lineage (see Millar et al., 2011; Thompson
et al., 2011, 2012) and the diversity of entities sampled across
the different regions, suggest that care should be taken when
transferring management experiences between regions. This
means that predictions based on differences in habitat or bio-
climatic niches occupied by each subspecies lineage in the
native range might not provide much predictive value for the
introduced ranges (Thompson et al., 2011). Moreover, novel
or genetically divergent genotypes may respond differently to
biological control agents that are host-specific to native geno-
types of A. saligna (cf. Goolsby et al., 2006). The latter sug-
gests that the agents that provide substantial levels of control
in South Africa may only achieve similar levels of control in
some Portuguese populations (Wilson et al., 2011), and that
successful biological control in other introduced regions might
require additional prospecting in the native range.
In conclusion, our study shows that the well-travelled tree
A. saligna is genetically diverse, displays high levels of genetic
diversity within introduced populations, and that many dif-
ferent genotype(s) have become invasive. These genetic pat-
terns suggest that substantial geographical variation in
sampling efforts prior to introductions (which may often
occur during agroforestry introductions) have important eco-
logical, evolutionary and management consequences for sub-
sequent invasive populations.
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